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 Problem, Available Schemes and Objective
e Sparse Feature Extraction

* Linearly Supporting Features Extraction
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e Statistical Index Scheme(SIS)| * Robustness

 Line Index Method * local, sparse

Tyts. log g and [Fe/H]
 Template Matching Method | * Physical Interpretability
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Figure 1. Scatter diagram of the atmospheric parameters of the selected spectra.
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50000, [4088, 9740]K for Teff, [1.015, 4.998] dex for log g, [-3.497 0.268]dex for [Fe/H]



Kurucz's NEWODF models, SPECTRUM package

18969

[4000, 9750] K for Teff, 45 values, step sizes of 100 K
between 4000 and 7500, 205 K between 7750 and 9750 K

[1, 5] dex for log g, 17 values, step size of 0.25 dex

[-3.6 0.3]dex for [Fe/H], 27 values , step size of 0.2 dex
between -3.6 and -1 dex, and 0.1 dex between -1 and 0.3 dex



Sparse Feature Extraction



e LASSO (least absolute shrinkage and
selection operator)
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Table 5: Consistency/Accuracy on test set with fea- 99.74%

tures described by the observed fluxes on the detect-
ed typical positions.

evaluation method  log Terr | aple 2. Mean absolute errors on the evaluation set of 19000 spectra
MAE 0.009092 1 iy the RR model (plotted in Fig. 5).
SD 0.012978
Set PCs + Elog e Elog g E[FefH]
19000 25+25 0.0126  0.3644  0.1949

Re Fiorentin, P., et al. 2007, A&A, 467, 1373
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* On Real Spectra \/

400}

Table 5: Consistency/Accuracy on test set with fea- | , ... 7 |
tures described by the observed fluxes on the detect- |

ed typical positions. o] |
A I SE——
evaluation method log Taes log g |Fe/H] R e e T

MAE 0.009092 0.198928 0.206814

Table 6: Accuracy/Consistency on test set with fea-
tures described by local integral near the detected
typical positions. Integral radii are 6 for log Ta¢s, 2
for log g and 8 for [Fe/H] respectively.

evaluation method log Teff log g |Fe/H]|
MAE 0.007458 0.189557 0.182060

Table 2. Mean absolute errors on the evaluation set of 19000 spectra
in the RR model (plotted in Fig. 5).

Set PCs + El.;.g o El.;.g g E[FefH]
19000 25+ 25 0.0126  0.3644 0.1949

| Re Fiorentin, P., et al. 2007, A&A, 467, 1373



 On Synthetic Spectra

Table 15
Performance on Synthetic Spectra Based on SVR and Features
in Tables 12, 13, and 14

Evaluation Method Togr log g [Fe/H]
MAE 0.000801 0017881 0.013142

Mote, Features are described by the LI method with integration radii k = 6,
2. and 8, respectively, for Tog, log g, and [Fe/H]. MAE are the mean absolute
errors on the synthetic test set.

Table 1. Mean absolute errors on the evaluation set of 908 spectra in
the SS model for different numbers of PCs retained in the reconstruc-
tion. (As PCA is done separately on the blue and red regions, the total
number of inputs is twice the number of PCs.).

PCs Eluu T E]ug if E[F&,.’H]
5 0.0087  0.1264  0.1558
25 0.0036  0.0245 0.0327
100 0.0030  0.0251  0.0269

908 0.0133  0.2087 0.2308
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 On Real Spectra \/

Table 5: Consistency/Accuracy on test set with fea- | , .

tures described by the observed fluxes on the detect- | ™™
ed typical positions. i o S
\ S
evaluation method log Tees log g |Fe/H] R m e e el )
MAE 0.000002  0.108928  0.206814

Table 6: Accuracy/Consistency on test set with fea-
tures described by local integral near the detected
typical positions. Integral radii are 6 for log Ta¢s, 2
for log g and 8 for [Fe/H]| respectively.

evaluation method log Teff log g |Fe/H]|
MAE 0.007458 0.189557 0.182060

in the RR model (plotted in Fig. 5).

| Re Fiorentin, P., et al. 2007, A&A, 467, 1373

SEI PCQ =+ Elog T{-ﬂ-' Elog g
19000 25+25 0.0126 _ 0.3644  0.1949

99.74%

Table 2. Mean absolute errors on the evaluation set of 19000 spectra
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Table 10: Performance (MAE) of two linear method:
Experimental configurations are same as the expel
iments in Table 6. OLS (Ordinary Least Squares
linear least squares regression, SVR (linear): Suppo1
Vector machine Regresion with a linear kernel.

evaluation method Ferr log g [Fe/H]
OLS 0.036510 0.301661 0.360890
SVER(linear) 0.034152 0.253363 0.323512




Table 11: Performance (MAE) of four nonlinear
methods. Experimental configurations are same as
the experiments in Table 6.

evaluation method Tets log g [Fe/H]
FNN 0.008980 0.186014 0.179565
GAM 0.008139 0.245167 0.245111
MARS 0.011335 0.243147 0.242703
RF 0.009478 0.228717 0.204248

Table 6: Accuracy/Consistency on test set with fea-
tures described by local integral near the detected
typical positions. Integral radii are 6 for log Ty¢s, 2
for log g and 8 for [Fe/H] respectively.

Feedforward neural network
Generalized Additive Models
Multivariate Adaptive Regression Splines

evaluation method log Teff log g [Fe/H]
Random Forest MAE 0.007458 0.180557  0.182060
SD 0.011189  0.270496  0.248504




Linearly Supporting Feature
Extraction



%::2:::

3. Accuracy/Consistency on test set with fea-
lescribed by local integral near the detected
positions. Integral radii are 6 for log T.¢s. 2
g and 8 for [Fe/H] respectively.
Mﬁm“ | Tuation method log Teff log g |Fe/H]
| MAE 0.007458  0.189557 _ 0.182060

SD 0.011189  0.270496 0.248504
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(a) The Detected Features for I.:: Based on Basis Function rbio with the Optimal Decomposition Level 5
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W
14.5021
15.0760)

=13.9105

=19.2167
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(a] Comparizon with 5055 Data Set

Estimation Method Evaluation Method log Lpr (dex) Lre (K) log g (dex) [FerH](dex)
Limear: (L5 MAE (L6 2 LIER N 0235 0. 1564
ME (LK 2,764 —L{Z15 —{1L{KEI3
Al (LIENG 135.9 03zxa7 0.2190
Monlinear: ANN [1] MAE (L0126 (03644 0. 1944
Monlinear:MA v [2] ME | 3} 5 .24
Monlinear: S VR ;[3] MAE 00074 55 101610 (. 1E9557 0.1 B8
Linear(LS [] A0 196,473 (.59 (0 66
Lincan SV R, [3] MAE 010341 52 .253363 N323512

(b Comparizon with Synthetic Data Set Derived from Bumnecz's NEWODF Models (Castelli & Eumce 20003 |

Estimation Method Evauation Method log Ler (dex) Lre (K) log g (dex) [FerH](dex)
Linear: (L5 MAE (.22 A1.70 0.0337 (LIGE
Monlinear: ANN [1] MAE CVETH] L0245 (LIS

Mapte, QLS (ordinary least sguares): linear least sguames regression, SVE; suppont vector machine regression with a linear kernel, SVERg suppo
regression with a Gassian kernel, ANN: Artificial Newral Networks, MA y: MAssive Compression of y2. (1):Re Fiorentin et al. (2007 ), (2):Jofre @
et al. (2014, (4):Tan et al. (2013



Performance of the proposed scheme on 23963 test spectra from LAMOST (10000 LAMOST spectra for training, Section 2.2).

method log Teff(Teff)
parameter MAE ME sSD
RBFNN 0.0070(91.14) 6.75x1075(2.37)  0.0099(131.36)
SVRg 0.0074(95.37) 1.27x10-4(4.30)  0.0106(141.62)
KNNR 0.0085(111.80) 4.47x10~4(10.08) 0.0126(173.66)
LSR 0.0082(106.51) 6.67x10-4(11.46) 0.0117(161.83)
SVRy 0.0081(105.73)  1.80x10-%(5.44)  0.0116(159.83)
method log g [Fe/H]
parameter MAE ME sSD MAE ME sSD
RBFNN (01664 00109  0.2753 01197 -0.0038 01767
SVRg 0.1528  -0.0008 0.2102 01146 -0.0112 0.1528
KNNR 0.1934  0.0167 0.2730 0.1625 -0.0154 0.2151
LSRR 0.2218  0.0173  0.3404 0.1312 -0.0143 0.1807
SVR; 0.2070  -0.0124 0.3145 0.1311 -0.0222 0.1506




Thanks



